ABSTRACT. The objective of this study was to determine the level of selected metals in the leaves of Ruta chalepensis L. (Rue) cultivated in Ethiopia. Rue leaves samples were randomly collected from four different parts of Ethiopia (Kality and Alem Bank from Addis Ababa Administration, Holeta (Oromia Region) and Worabe (South Nations and Nationalities Peoples Region)). A 0.5 g Rue sample was digested with 3.0 mL of 69.5% HNO3 and 1.0 mL 70% HClO4 and the levels of selected metals were determined by flame atomic absorption spectrometry. The validity of the optimized procedure was evaluated by analyzing the digest of the spiked samples with standard solution and the percentage recoveries varied from 92.0 to 102%. The levels of metals determined in mg/kg dry weight were in the ranges Ca (1872-3077), Zn (44.5-64.0), Cu (<DL-10.8), Cr (<DL-3.10) and Cd (<DL-2.87) (where DL is detection limit). Ni and Pb were below the detection limit. ANOVA at p = 0.05 indicated that there is a significant difference in the level of Ca, Cr, Cu and Zn in the samples. The results indicate that the content of the metals did not exceed the permissible amount for medicinal plants set by WHO and FAO.
INTRODUCTION
Ruta chalepensis L. (Rue) is an herbaceous perennial, originally native to the Mediterranean region and the Canary Islands. It has blue-green foliage and yellow flowers. This plant is a hardy, evergreen shrub of up to 1 m tall, with a characteristic grayish color and a sharp unpleasant odor. The leaves are small, oblong, deeply divided, and pinnate; and the stems are ramified. It belongs to the family Rutaceeae and is a shrubby plant [1] .
It is now cultivated in many parts of the world. In tropical Africa it has been introduced and naturalized in several countries, including the Cape Verde Islands, Sudan, Ethiopia, Somalia and Southern Africa (including South Africa), where it is mostly cultivated in herbal gardens. The morphologically and chemically related R. graveolens L. seems only to be present in South Africa [2] .
R. chalepensis grows well in well-drained sandy or rocky limestone soils and prefers an open sunny position. In Ethiopia it is cultivated at 1500-2000 m altitude. In Ethiopia and South Africa R. chalepensis flowers and fruits are commonly planted in home gardens. Plants growing at lower altitudes in tropical Africa do not often flower, so the plants are vegetatively multiplied and the genetic variation might therefore be on the low side for these plants [2] .
The essential oils from aerial parts of R. chalepensis plants harvested at different stages of growth in northern India contained 19 components, representing 85.4-93.3% of the oil. The major components were 2-undecanone (41.3-67.8%), 2-nonanone (5.2-33.6%), 2-nonyl-acetate (2.8-15.3%) and 2-dodecanone (<0.1-11.6%) [2] . Major compounds isolated from the roots of R. chalepensis are the furoquinolin alkaloids kokusaginin, skimmianin and graveolin, the acridone alkaloids 1-hydroxy-N-methylacridone and chaloridon, and the furanocoumarin chalepensin. From the dried aerial parts, major compounds isolated include the furoquinolin alkaloids kokusaginin, skimmianin, graveolin, γ-fagarin and dictamnin, the acridone alkaloid arborinin, and the (furano-)coumarins bergapten (or 5-methoxypsoralen) and chalepensin [2] .
(R. chalepensis L.) in four different areas of Addis Ababa, Ethiopia, and (iv) compare the levels of the identified metals in Rue (R. chalepensis L.) in four different areas of Ethiopia with that of the data reported in the literature.
EXPERIMENTAL

Instrument and apparatus
Ceramic pestle and mortar were used for grinding and homogenizing the dried Rue leaves; digital analytical balance (Mettler Toledo, Model AT250, Switzerland) with ±0.0001 g precision was used for weighing the samples. Quick-fit round bottom flasks (250 mL) fitted with reflux condenser were used in Kjeldahl apparatus hot plate to digest the samples. A refrigerator (Hitachi, Tokyo, Japan) was used to keep the samples ready for analysis. 2 mL, 5 mL, and 10 mL pipettes and a micropipette (Dragonmed, Shanghai, China) were used for measuring different amounts of acids and standard solutions and for spiking of known concentration for recovery test. 25 mL and 100 mL volumetric flasks were used to dilute sample solutions and prepare standard solutions. ZEEnit 700p scientific model Analytik Jena (Germany) flame atomic absorption spectrometer equipped with deuterium arc background corrector using air-acetylene flame was used for analysis of the metals (Ca, Cr, Cu, Zn, Ni, Cd and Pb).
Chemicals, reagents and standard solutions
All the reagents used were of analytical grade and all standard solutions are CRM (certified reference material). For digestion of Rue leaf samples, 69.5% HNO 3 (Scharlau, Spain) and 70% HClO 4 (Research-lab fine chem industries, Mumbai, India) were used. Stock standard solutions of the metals (Ca, Cr, Cu, Zn, Ni, Cd and Pb 1,000 mg/L calibration standards Buck Scientific, USA, prepared as nitrates for each element in 2% HNO 3 ) were used for the preparation of calibration curves for the determination of metals in the samples. Distilled-deionized water was throughout the experimental work.
The study areas
The leaf samples of Rue (R. chalepensis L.) were collected randomly from four different areas of Ethiopia. Out of the four samples two samples were collected from gardens located in Addis Ababa Administration around Kality and Alem Bank with full permission of owners. Another two samples were collected from Oromia region around Holeta and South Nations and Nationalities Peoples Region around Worabe. The selection of sample collection areas in four different parts of Ethiopia were based upon mainly accessibility for sampling and potential area for the plant Rue (R. chalepensis L.) cultivation. Geographical description of sample collection sites is given in Table 1 . 
Collection of samples
Leaves of Rue (R. chalepensis L.) (0.5 kg from each site) were collected by using random sampling technique [29] from the study areas. All the leaf samples from four different areas of Ethiopia were stored in clean polyethylene plastic bags separately and transported to the laboratory and stored at room temperature (22 ± 2 o C) prior to sample preparation, digestion and analysis.
Sample preparation for elemental analysis
The leaves of the plant were washed well with the running tap water and rinsed first with distilled water and then with deionized water to remove earthy impurities, allowed to dry in air for ten days, chopped and ground to powder with mortar and pestle. The powdered samples were screened with 100 mesh sieve and stored in dry, clean and closely packed polyethylene plastic bag until digestion. Finally, 0.5 g aliquot was taken from each sample for digestion and a solution for final metal determination was prepared.
Optimization of digestion procedure
To select an optimum procedure for digestion, parameters like digestion time, reagent volume, volume ratio of reagents, and digestion temperature were optimized by varying one parameter at a time and keeping the others constant. Parameters giving clear solution at lower temperature, requiring minimum reagent volume and digestion time were selected as an optimum procedure for digestion of Rue sample. Finally, the optimum procedure was chosen on the basis of these criteria requiring three hours for complete digestion of 0.5 g Rue sample with 3.0 mL of 69.5% HNO 3 and 1.0 mL 70% HClO 4 as given in Table 2 . 
Digestion of leaves of Rue samples
Applying the optimized procedure given above, 0.5 g of powdered rue sample was placed in a 250 mL round bottom flask. To this, 3 mL of HNO 3 (69.5%) and 1 mL of HClO 4 (70%) was added. The round bottom flask was fitted to a reflux condenser and heated on a Kjeldahl apparatus hot plate for 3 h at a temperature of 300 o C. The digest was allowed to cool for 10 min without dismantling the condenser and then further cooled to room temperature for 20 min by dismantling the condenser. The mixture was diluted with 10 mL of distilled-deionized water and filtered with Whatman filter paper No. 42 into a 25 mL volumetric flask. The round bottom flask was further rinsed with 5 mL of distilled-deionized water and added to the filtrate. Then 1% of La(NO 3 ) 3 .6H 2 O was added to the flask containing the filtrate the flask was filled to the mark with deionized water. La(NO 3 ) 3 .6H 2 O was added was to prevent the precipitation of Ca +2 with the SO 4 -2 and PO 4 -3 if they were present in the samples or the reagents used in the process. For each sample the digestion was done in triplicate. Triplicate blank samples, a mixture of 3 mL of HNO 3 and 1 mL of HClO 4 were also digested following the same procedure as the samples. Finally, all the digests were kept in refrigerator until FAAS analysis.
Calibration of the instrument
10 mg/L intermediate standard solutions of metals of interest were prepared from the atomic absorption spectroscopy standard stock solutions that contained 1000 mg/L. The intermediate standard solutions were diluted with deionized water to obtain four working standards of each metal, i.e. Ca, Cr, Cu, Zn, Cd, Ni and Pb. The absorbances of the working standard solutions were measured and the calibration curves for each of the analyte metal (Ca, Cr, Cu, Zn, Cd, Ni and Pb) were constructed. The wavelength, calibration standard concentrations, correlation coefficient and equation of the calibration curves for determination of metals using FAAS are given in Table 3 . The correlation coefficients in Table 3 clearly indicate that the change in absorbance with concentration is in good positive correlation and are linearly fit.
Determination of the metals by FAAS
The levels of each metal in all the samples were determined with FAAS after the instrumental operating conditions were optimized for maximum signal intensity of the instrument. Triplicate determinations were carried out on each sample. The same analytical procedure was employed for the determination of elements in the digested blank solutions. 
Precision and accuracy
The precision of an analytical procedure expresses the closeness or agreement (degree of scatter) between a series of measurements obtained from multiple sampling of the same homogeneous sample under the prescribed conditions [30] . In this study the results of the measurements are expressed as the mean of the triplicate measurements together with the standard deviation of each sample.
Validation of the optimized procedure [29] Spiking experiments were performed to validate the optimized procedure. For this purpose, standard solutions of 1,000 mg/L each metal were used and intermediate standards of 100 mg/L of each metal (Ca, Cr, Cu, Zn, Cd, Ni and Pb) were prepared from 1,000 mg/L standard stock solution. For recovery measurement the sample from Worabe was selected and the spiking was done in two groups in triplicate. That is, in the first group 50 µL of Cr, 25 µL of Cu, 64 µL of Zn, 25 µL of Cd, 75 µL of Ni and 40 µL of Pb respectively were spiked together and added into 250 mL round bottomed flask containing 0.5 g sample and 4 mL of acid mixture (3 mL HNO 3 and 1 mL of HClO 4 ) and in the second group 3077 µL of Ca was spiked and added into round bottomed flasks containing the same amount of sample and acid. The round bottomed flasks containing the mixtures were fitted with the condenser and digested simultaneously with unspiked samples on a hot plate Kjeldahl apparatus by applying the optimized digestion procedure used in sample analysis. The percentage recoveries of the analytes were calculated. The results of recovery analysis are listed in Table 4 . The percentage recoveries lie within the range 92.0-102%. The percentage recovery for Rue samples are within the acceptable range for all the metals. 
RESULTS AND DISCUSSION
Levels of metals in the leaves of Rue samples
The developed FAAS method was applied for the determination of the levels of seven metals (Ca, Cr, Cu, Zn, Cd, Ni and Pb) in leaves of Rue samples collected from four different areas of Ethiopia, i.e., Kality (Addis Ababa Administration), Holeta (Oromia Region), Alem Bank (Addis Ababa Administration) and Worabe (South Nations and Nationalities Peoples Region).
The mean values were determined from triplicate analysis of each sample and the accuracy and precision of the results were checked by the aid of different statistical methods after the determination of the levels of metals in the Rue samples. Results obtained for each sample in terms of mg/kg dry weight basis together with values for standard deviation are given in Table 5 . 
Distribution patterns of metals in the samples
As indicated in the Table 5 metals Ca and Zn were found in all the samples and metals Ni and Pb were below detection limit of the instrument in all the samples. Cr was found in all samples except in the sample from Worabe, Cu was found in Kality and Alem Bank Rue leaves and Cd was found only in Rue leaves from Kality. The results of this study showed that the metal contents of Rue leaves varied with the geographical origin in which the Rue plant grows. There are industrial activities in samples collected from Addis Ababa Administration, especially Kality areas. Because of this Cr, Cu and Cd were detected in the samples from Addis Ababa while these metals were not detected in the area outside Addis Ababa like Worabe. The natural weathering of rocks, agricultural activities like using fertilizer, pesticide, and water for irrigation could contribute to these concentrations of metals determined in Rue leaves. A comparison of the metal contents in the Rue leaves in this study showed that Ca contents are in higher amounts in the samples compared to the other heavy metals. A relatively higher amount of Ca in the leaves from all areas could be due to its higher natural abundance in the soil and the nature of Rue. In comparison to other sampling areas, Worabe is more exposed to human activity and the farms were used for long time, which could have significant contribution to gradual accumulation of metals in Rue farms through agricultural activities. This could be suggested as one of the reasons for the higher concentration of Ca determined in Worabe than others.
Metals uptake by plants may occur through different and complex biochemical processes. This uptake varies based on the ability of the plants to absorb metals from the soil, the availability of the mineral elements in soluble and absorbable forms, the abundance of specific metals at the specified site, the contamination level of the soil with heavy metals, etc. The variation of metal levels in soil, especially samples collected around Addis Ababa arises because of increasing industrialization and associated pollution of the biosphere, use of different types of fertilizers, pesticide treatment, and others are the main contributors. The use of sewage sludge, pesticides, irrigation of waters and fertilizers on agricultural land has made some of that land of questionable quality for production of food for humans and animals. The distribution and accumulation of metals in leaves of R. chalepensis L. are the reflection of the mineral composition of the soil and environment in which R. chalepensis L. plant grows. Therefore, the actual metal content of Rue varies considerably according to geographic origin, the use of fertilizers with different chemical compositions and other characterizing features such as water used for irrigation. Plants accumulate metals from the soil and environment in its different parts. However, this study focuses the level of metals in leaves of Rue because it is the leaves that are commonly consumed by users.
Concentration of metals in Rue leaves collected from Kality
As indicated in Table 5 , Ca is in the highest amount with concentration of 2409 ± 1 mg/kg followed by Zn (49.1 ± 0.06 mg/kg), Cu (5.76 ± 0.06 mg/kg), Cr (3.1 ± 0.04 mg/kg) and Cd (2.87 ± 0.03 mg/kg) with the least concentration whereas, metals Ni and Pb are below detection limit. These results showed that the essential trace metals are found at higher amount whereas the non-essential in a lower amount or none. This is beneficial from the health point of view. Generally, the order of level of metals in rue leaves collected from Kality is: Ca > Zn > Cu > Cr > Cd.
Concentration of metals in rue leaves collected from Holeta
In the Holeta samples Ca is in the highest amount with concentration of 1872 ± 2 mg/kg followed by Zn (44.5± 0.02 mg/kg) and Cr (1.2 ± 0.02 mg/kg) with least concentration and the order of level of metals were found to be Ca > Zn > Cr in the Rue sample from Holeta. But, the other four metals Cu, Cd, Ni and Pb were observed below detection limit.
Concentration of metals in rue leaves collected from Alem Bank
Ca is in the highest amount with concentration of 2443 ± 2 mg/kg followed by Zn (60.8 ± 0.5 mg/kg), Cu (10.8 ± 0.02 mg/kg) and Cr (1.7 ± 0.03 mg/kg) and the order of the metals were found to be Ca > Zn > Cr in the concentrations of metals such as Cd, Ni and Pb were below detection limit of the instrum
Concentration of metals in Rue leaves collected from Worabe
The last Rue leaf sample analyzed was collected from Worabe. Like the previous samples Ca is in the highest amount with the concentration of 3077 ± 1 mg/kg followed by Zn with concentration of 63.9 ± 0.1 mg/kg. But, in this sample the concentrations of Ca and Zn are higher than those of the other three samples. In contrast to other sample sites, all the other five metals Cr, Cu, Cd, Ni and Pb are below detection limit of the instrument. 
Comparison of the concentration of metals in four different Rue samples
Concentration of metals in rue leaves collected from Alem Bank
Ca is in the highest amount with concentration of 2443 ± 2 mg/kg followed by Zn (60.8 ± 0.5 g), Cu (10.8 ± 0.02 mg/kg) and Cr (1.7 ± 0.03 mg/kg) and the order of the metals were found to be Ca > Zn > Cr in the Rue leaves collected from Alem Bank. However, the concentrations of metals such as Cd, Ni and Pb were below detection limit of the instrument.
Concentration of metals in Rue leaves collected from Worabe
leaf sample analyzed was collected from Worabe. Like the previous samples Ca is in the highest amount with the concentration of 3077 ± 1 mg/kg followed by Zn with of 63.9 ± 0.1 mg/kg. But, in this sample the concentrations of Ca and Zn are higher than those of the other three samples. In contrast to other sample sites, all the other five metals Cr, Cu, Cd, Ni and Pb are below detection limit of the instrument. Ca is in the highest amount with concentration of 2443 ± 2 mg/kg followed by Zn (60.8 ± 0.5 g), Cu (10.8 ± 0.02 mg/kg) and Cr (1.7 ± 0.03 mg/kg) and the order of the metals were leaves collected from Alem Bank. However, the ent.
Comparison of the concentration of metals in four different Rue samples
leaf sample analyzed was collected from Worabe. Like the previous samples Ca is in the highest amount with the concentration of 3077 ± 1 mg/kg followed by Zn with of 63.9 ± 0.1 mg/kg. But, in this sample the concentrations of Ca and Zn are higher than those of the other three samples. In contrast to other sample sites, all the other five collected from f Ca in Rue leaves samples from Kality, Holeta, Bar graph summary of concentrations of Cr, Cu, Zn and Cd in Rue leaves samples From Figure 1 and 2 we can see that the trend of levels of metals concentration especially Ca and Zn in each sample is similar. Other metal contents are found to be quite different. In general, we can summarize that Rue sample from Worabe contains the highest amount Ca (3077 mg/kg) and Zn (63.9 mg/kg) essential macro and micro nutrient, respectively, followed by Alem Bank, Kality and Holeta with the least concentration. Non-essential toxic metals such as Ni and Pb were found too low to be detected in all Rue samples, Cd was found too low to be detected in the three samples except samples from Kality and in contrast to other three sample sites Cr was found too low to be detected only in one sample site, i.e. Worabe.
Comparison of metal levels in leaves of Ruta chalepensis L. obtained in the present study with literature values
The results of this study were compared with the literature obtained from Jordan [4] and Ethiopia [28] . The levels of metals in Rue found in this study with the levels reported in the literature are given in Table 6 [4, 28] .
As indicated in Table 6 the concentrations of Ca and Cr were not reported in Jordan Rue samples, hence they are not compared. The concentration of Cu is in the range of the values from Jordan (5.55-9.38 mg/kg) with the sample from Kality (Ethiopia) (5.8 mg/kg) and is in good agreement. However, the concentration of Cu in the sample from Alem Bank (Ethiopia) (10.8 mg/kg) is slightly higher than the range of concentration of Cu from Jordan (5.55-9.38 mg/kg) and its concentration is not detected in two sample sites in Ethiopia, which is different from the values from Jordan. The level the other metal Zn (44.5-63.9 mg/kg) from Ethiopia was found higher than the range of the reported data in Jordan (10.3-23.4 mg/kg). Except Rue samples from Kality the concentration of Cd was below detection limit in the other sample sites in Ethiopia, but its concentration (2.9 mg/kg) was found higher than the reported data from Jordan (0.32-0.86 mg/kg) and Ethiopia (0.58-0.71 mg/kg) [28] . The concentrations of nonessential toxic metals such as Ni and Pb were found below detection limit and this is different from the results reported from Jordan (14.2-63.9 mg/kg) [4] and Ethiopia (0.17-1.42 mg/kg) [28] . Pb was not detected in the present study because a less sensitive FAAS was used in the present study while it was detected and found in appreciable concentration in the earlier study from Ethiopia in which more sensitive GFAAA was used [28] . NR -not reported and DL -detection limit.
Generally, most of metal concentrations in Rue samples from Ethiopia differ slightly from concentration of Rue samples reported from Jordan. This might be due to differences in the geographical origin from where the Rue was cultivated.
Comparison of selected metal concentrations (mg/g, dry weight basis) in leaves of Rue samples in this research with permissible values from FAO/WHO
The Zn concentration in the leaves of all the samples of R. chalepensis in this study ranges from 44.5-63.9 mg/kg and WHO recommended limit of Zn in plants is 50 mg/kg [31] . This indicates that the Zn concentrations in the leaves of R. chalepensis are below the permissible limit in Kality and Holeta samples but above the permissible limit in Alem Bank and Worabe samples.
The range of concentration of Cu in this study is <DL-10.8 mg/kg, which is below the permissible limit of Cu for plants recommended by WHO, i.e. 10 mg/kg [32] and also below the permissible limits for Cu in medicinal plants according to WHO, i.e. 20 mg/kg [33] . For Cr, the proposed limit set by WHO is 2 mg/kg [33] , which is above the proposed limit set by WHO in Kality (3.1 mg/kg) sample and is below the proposed limit set by WHO in the other three samples.
For medicinal herbs the permissible limit for Cd set by WHO is 0.3 mg/kg [33] . Thus, Cd levels in the leaves of R. chalepensis in Ethiopian sample (<DL-2.9 mg/kg) were below the permissible limit in the three samples collected from Holeta, Alem Bank and Worabe and above the permissible limit only in the sample collected from Kality. Metals Ni and Pb were not detected in all four Tena Adam samples from Ethiopia. Therefore, the levels of Ni and Pb in the leaves R. chalepensis in all samples in this study were below WHO prescribed limit of Ni (1.5 mg/kg) and Pb (10 mg/kg) in medicinal herbs [33] .
Generally, the level of most of selected metals found in the four Rue samples collected from four different areas of Ethiopia were found below maximum tolerable limits proposed by WHO. Thus, they are in safety baseline levels for human consumption.
Analysis of variance (ANOVA)
The variation in samples means come from different sources such as experimental procedure or heterogeneity among the samples (i.e. difference in mineral contents of soil, pH of soil, water, atmosphere; variation in application of agrochemicals like fertilizers, pesticides, etc. or other variations in cultivation procedures). In this study the variation in samples means of the analyte was tested whether they have significant difference or not by using ANOVA of single factor [29] . ANOVA at p = 0.05 indicated that there is significant difference among the sample means for the metals Ca, Cr, Cu and Zn. This is due to variations in the other factors than in the experimental procedure. The source for this significant difference between sample means may be the difference in mineral contents of soil or pH of soil which predict the extent of mineral absorption by Rue plant. ANOVA of Ni and Pb and Cr were not done, since they were below detection limit of the instrument and found only in one sample respectively. Based on this description we can conclude that most of metals analyzed in this study were significantly different among the sampling sites.
Pearson correlation of metals within Rue samples
In this research, to correlate the effect of one metal concentration on the concentration of the other metal, the Pearson correlation matrices using correlation coefficient (r) for the samples were employed for metals determined in the samples [29] and presented in Table 7 .
The results of Pearson correlation in Table 7 show that negative correlations are observed in the case of Ca (with Cr, Cu and Cd) and Zn with Cd. These weak correlations indicating that the presence or absence of one metal affects the other metal in a lesser extent. As indicated in Table  7 Ca with Zn, Cr (with Cu, Zn and Cd) and Cu (with Zn and Cd) shows positive correlation. These strong correlations may arise from common anthropogenic or natural sources as well as from similarity in chemical properties. In general, relatively good positive correlation is observed between Cu and Zn. In contrast, weak correlation is observed between Ca and Cr. 
CONCLUSION
The optimized wet acid digestion method for the analysis of Rue leaf samples was found efficient as evaluated through the recovery test, which varied from 92.0 to 102% for all the metals. The levels of metals in Rue samples were found in the order: Ca (1872-3077 mg/kg) > Zn (44.5-63.9 mg/kg) > Cu (<DL-10.8 mg/kg) > Cr (<DL-3.1 mg/kg) > Cd (<DL-2.9 mg/kg). The levels of metals in Rue samples determined and assessed for its quality comparing with permissible limits given by WHO and levels are in safety baseline levels for human consumption. Since, the concentration of was Ca higher, we can recommend that peoples who have deficiency of Ca can use Rue products in different ways. The levels of the non-essential toxic heavy metals Ni and Pb were found to be below the detection limits of the instrument. Cd was found in only one sample with low concentration and this is in a very good agreement with most of the results reported in other country. Statistical analysis by using one-way ANOVA indicated that there is significant difference in mean concentrations of Ca, Cr, Cu and Zn in R. chalepensis L. in the four sampling sites. This may be attributed to differences in soil composition, use of different fertilizers, pesticides, etc. Also, the results of Pearson correlation revealed that there is weak and/or moderate positive or negative correlation between metals with each other.
